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BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates generally to integrated circuits and more particularly to high 
speed direct connection between integrated circuits. 

Description of the Related Art 

In electronic devices such as personal computers, an integrated circuit such as the 
microprocessor, typically communicates with other integrated circuits via buses, which are 
formed physically as traces in a printed circuit board (PCB). Most integrated circuits (ICs) 
are packaged in plastic or ceramic packages or are otherwise encapsulated to protect the 
device. Pins or other contacts connect the package to the printed circuit board. There are a 
wide variety of packages and packaging techniques used for integrated circuits including dual 
inline packages (DIP), pin grid array (PGA) packages, land grid array (LGA) packages, and 
ball grid array (BGA) packages. DIPs provide two rows of connectors on the periphery of 
the package. PGA packages provide an array of pins on the bottom surface of the package. 
The LGA package provides an array of lands while the BGA package uses an array of solder 
balls or bumps as the electrical contacts. Chip scale packages are similar to BGA packages, 
except that chip scale packaging provides a smaller footprint that more closely approximates 
the footprint of the semiconductor die itself. 

The electrical contacts on the various packages may be soldered directly to the printed 
circuit board or otherwise coupled to the PCB through, e.g., an intermediate device such as a 
socket. For example, a pin grid array package with a mounted IC die has pins projecting 
from the package that can be inserted in a zero insertion force (ZIF) socket, which itself is 
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mounted on the printed circuit board. Utilizing sockets such as ZIF sockets allows for the 
integrated circuit to be easily inserted and removed. 

In personal computer (PC) systems, the processor is commonly mounted in a socket 
that is itself soldered to the PCB. In a typical PC system, the processor and its associated 
chipset are packaged in separate plastic or ceramic packages and are interconnected through 
the motherboard or another printed circuit board such as a daughter card. The processor in 
typical PC configurations communicates with one chip of a chipset (known as the northbridge 
in the industry) that supports the microprocessor. The northbridge provides memory control 
as well as system bus control for the computer system and communicates with the processor 
over a local bus. As clock speeds have increased for the processor, now commonly over 1 
GHz, bus speed for the local bus (and other buses) and have also increased. The noise and 
impedance effects that result from routing a bus through the printed circuit board are 
particularly acute for high speed buses, especially where relatively long traces (e.g., over 
three inches) have to be used for the communication path. 

Multi-chip module (MCM) technology can be used where speed or electrical noise 
considerations require a shorter communication path or applications where it is necessary to 
minimize size such as in a mobile device. A typical MCM package combines a number of 
individual integrated circuit dies, which are attached to a mounting surface such as a ceramic 
substrate. The integrated circuits within an MCM can be electrically connected using a 
variety of bonding techniques such as solder, wire bonding, tape automated bonding (TAB), 
and flip-chip technologies. Thus, MCMs can provide an alternative to routing high speed 
connections on a printed circuit board such as a motherboard of a computer system. 
However, such MCM technology is costly and therefore undesirable for applications such as 
desktop personal computers. 

Accordingly, it would be desirable to provide high speed connections between ICs 
without having to route the communication path through the PCB and without having to 
resort to a relatively costly MCM solution. 
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SUMMARY OF THE INVENTION 

Accordingly, in one embodiment the invention provides an apparatus that includes a 
first integrated circuit mounted in a first package that has both a first set of electrical contacts 
and a first connector. A second integrated circuit is mounted in a second package that has a 
second set of electrical contacts and a second connector. The first and the second connectors 
are mating connectors that are electrically and physically connected. 

In one embodiment the first set of electrical contacts and the first connector are 
disposed on opposite surfaces of the first package and the second set of electrical contacts 
and the second connector are disposed on the same surface of the second package. Providing 
the connectors allows higher speed signals to be routed through the first and second 
connectors, while power, ground and slower speed signals can be transmitted through the first 
set and second set of electrical contacts. The first and second set of electrical contacts are on 
the side of the package closest to the printed circuit board to which the packages are directly 
or indirectly mounted. 

In another embodiment a method is provided that includes electrically coupling a first 
integrated circuit mounted in a first package through a first set of electrical connectors to a 
printed circuit board; and electrically connecting the first integrated circuit through a first 
package connector to a second integrated circuit mounted in a second package having a 
second package connector, wherein the first and second package connectors are mating 
connectors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention may be better understood, and its numerous objects, features, 
and advantages made apparent to those skilled in the art by referencing the accompanying 
drawings. 

Fig. 1 illustrates an embodiment of the invention in which two integrated circuits are 
directly coupled through a connector. 

Fig. 2 illustrates an isometric view of directly coupled integrated circuits. 
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Fig. 3 illustrates in greater detail exemplary packages with connectors utilized in the 
present invention. 

Note that the use of the same reference symbols in different drawings indicates similar or 
identical items. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS) 

Referring to Fig, 1, an exemplary embodiment shows an integrated circuit assembly 
that includes integrated circuit die 101 mounted on package 103. Package 103 includes two 
sets of electrical connections. One set of electrical connections is shown as contacts 105 on 
the bottom surface of package 103. In the illustrated embodiment, contacts 105 electrically 
connect with printed circuit board 109. In another embodiment, the contacts 105 may 
connect to printed circuit board 109 through an intermediate device such as a socket. A high 
density/high speed electrical connector 107 provides a second set of electrical connections on 
the top surface of package 103. 

Also shown in Fig. 1 is package 1 10 on which is mounted integrated circuit die 1 12. 
Package 110 also includes two sets of electrical connections, a mating high speed connector 
108 that couples to connector 107 and a set of electrical contacts (not shown in Fig. 1) that 
connect to circuit board 109 through an intermediate connection (such as a socket) 116. The 
connectors 107 and 108 allow packages 103 and 1 10 to be directly connected and preferably 
the connectors are both high speed and high density connectors. The high density aspect of 
the connector is desirable due to the limited space that may be available on the package 
surface on which to locate the connector. 

The package 103 may be designed as a ball grid array (BGA) package, in which case 
the electrical connections 105 generally shown as pins in Fig. 1 would be BGA contacts, i.e., 
solder balls. The package 103 may also be designed to have any other type of electrical 
contact on its bottom surface that is suitable for its particular application. For instance, the 
package 103 may be implemented as a land grid array (LGA), pin grid array (PGA), a chip 
scale package or other package type suitable for the number of input/output (I/O) connections 
of the device and the product application. 
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While the package 103 is implemented as a standard package on one side, package 
103 also has the connector 107 on the top surface of package 103. In one embodiment, 
connector 107 is utilized for high speed signals. Rather than routing the high speed signals 
through the printed circuit board 109, the high speed signals can be routed directly to another 
integrated circuit. 

A variety of connectors are known in the art and suitable for use as connectors 107 
and 108. For example, the connectors may be male/female type of mating connectors. The 
connectors can include, e.g., lands, or pins and through holes. The connectors may be press 
fit, snapped together, soldered, or kept engaged with an external compression force. In one 

;j embodiment, a connector may be formed of an organic material (FR4) around caulk with 

1 

; J wires mounted thereto. Connectors formed of an organic material may be particularly 

J suitable for packages formed of an organic material. The connectors may be attached to pins, 

j pads, lands, or other suitable electrical contacts on the package. The connectors may be 

j screwed, clamped, soldered or otherwise coupled to the package to ensure an appropriate 
electrical connection is formed between the package contacts and the connector. 

* In a preferred embodiment, the connectors 1 07 and 1 08 support high speed data rates 
;j (e.g. > 1 00 MHz) although in some implementations, high speed rates may be unnecessary. 

* In addition, in a preferred embodiment, the connector is high density having less than 0. 1 
inch centers. The high density connector is advantageous in applications where it is useful to 
connect a large number of signals between chips without routing the signals through the 
printed circuit board, hi other embodiments, where fewer signals need to be connected 
directly between chips, a high density connector may be unnecessary. 

The integrated circuit package 1 10 is formed to connect through its connector 108 to 
package 103. Package 1 10 has the second set of contacts (not shown in Fig. 1) that connect 
to printed circuit board 1 09 through an intermediate connector 116. In one embodiment, the 
second set of electrical contacts on the bottom surface of package 1 10 are pins and the 
intermediate connector 1 16 is a socket such as a ZIF socket. In the package shown in Fig. 1, 
the pins (or other electrical contacts such as solder balls, lands, etc.) are located on one side 
of the bottom surface of package 110 and connector 108 is located on the other side of the 
bottom surface. 
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An isometric view of the integrated circuit assembly is shown in Fig. 2. The 
integrated circuit assembly shown in Fig. 2 may be particularly useful for a personal 
computer system. As previously described, in a conventional PC environment, a high speed 
connection is required from the processor integrated circuit to the northbridge. In order to 
take advantage of a preferred embodiment described herein, the northbridge may be designed 
as a regular ball grid array (BGA) package 103 but include a high density/high speed 
connector 107 on the top side of the package 103 as shown in Fig. 2. Thus, integrated circuit 
die 101 mounted in package 103 functions as the northbridge. Integrated circuit die 112 
mounted on package 1 10 is the processor. The processor has regular pins on one side of the 
bottom surface of package 110 (i.e., the surface that faces the printed circuit board) for 
power, ground and slower signals, but also has the mate for the connector that is disposed on 
top of the north bridge package. A high speed communication link between the processor 
and the northbridge is provided by the connectors 107 and 108. When installed the processor 
plugs both into a PGA socket (or other socket appropriate for the electrical contacts formed 
on the bottom surface of package) that carries power, ground, and slower signals and the 
northbridge package. 

As discussed previously, bus speed are approaching the point where the three or more 
inch traces common on boards today are problematic for high speed bus signals, particularly 
on low cost boards utilized in many personal computers and other electronic equipment. 
Using high speed connectors 107 and 108 avoids routing high speed signals through the 
printed circuit board and is significantly less expensive when compared to a conventional 
multi-chip module (MCM) approach. In addition, since the connectors 107 and 108 can be 
standardized, a processor can be supported by multiple northbridge chips and conversely, a 
northbridge chip could support more than one processor (as long as the bus was standard). In 
contrast, an approach using a multi-chip module would be much less flexible. 

Referring to Fig. 3, another view of an embodiment of the invention is shown 
illustrating one embodiment of the connectors in greater detail. Fig. 3 also illustrates an 
embodiment of the second set of electrical contacts 1 14 on the bottom side of package 110, 
which are shown as pins, hi the embodiment illustrated in Fig. 3, connector 107 is 
implemented as the female portion and connector 108 is implemented as the male portion of 
the mating connectors. The illustrated connectors slidably couple together and may provide, 
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e.g., a pluggable press fit connection. Using those types of connectors provides several 
advantages. One advantage is that assembly is simpler and cheaper since no soldering is 
required. A second advantage is that the chip on top is removable. Thus, when the 
embodiment shown in Figs. 2 and 3 is used in a PC application, the processor package 1 10 is 
pluggable into both the north bridge package 1 03 and the socket 1 1 6 (ZIF or another type) 
and can be removed without having to disconnect soldered connections. In other 
embodiments, the connectors may be soldered together or electrically connected in another 
manner suitable for the packaging materials and technology and the application. 

Thus, a package for an integrated circuit has been described that provides a high 
speed connector in addition to conventional electrical contacts. The description of the 
invention set forth herein is illustrative, and is not intended to limit the scope of the invention 
as set forth in the following claims. For instance, while the description has focused on 
advantages when utilized in the PC environment, the invention described herein can be 
! advantageously used in many types of electronic products requiring high speed connections 
between packaged integrated circuits. Variations and modifications of the embodiments 
disclosed herein, may be made based on the description set forth herein, without departing 
from the scope and spirit of the invention as set forth in the following claims. 
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